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Abstract  4 
Introduction: Interventions that prevent healthcare-associated infections should lead to fewer 5 
deaths and shorter hospital stays. Cleaning hands with soap and water or alcohol rub is an 6 
effective way to prevent the transmission of organisms, but compliance is sometimes low. 7 
The National Hand Hygiene Initiative in Australia aimed to improve hand hygiene 8 
compliance amongst healthcare workers, with the goal of reducing rates of healthcare-9 
associated infections.  10 
Methods: We examined if the introduction of the National Hand Hygiene Initiative was 11 
associated with a change in infection rates. Monthly infection rates for six types of healthcare 12 
associated infections were examined in 38 Australian hospitals across six states. Infection 13 
categories were: bloodstream infections, central-line associated bloodstream infections, 14 
Methicillin-resistant and Methicillin-sensitive Staphylococcus aureus, Staphylococcus aureus 15 
bacteraemia and surgical site infections.  16 
Results: The National Hand Hygiene Initiative was associated with a statistically significant 17 
reduction in infection rates in 11 out of 23 state and infection combinations studied. There 18 
was no change in infection rates for 9 combinations, and there was an increase in three 19 
infection rates in South Australia.  20 
Conclusions: The intervention was associated with reduced infection rates in many cases. The 21 
lack of improvement in nine cases may have been because they already had effective 22 
initiatives prior to the national initiative’s introduction.  23 
24 
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Implications 25 
• The National Hand Hygiene Initiative was broadly successful as it was associated with 26 
reduced infection rates in many states and infection types. 27 
• The Initiative may have been counter-productive in South Australia because of a potential 28 
shift in resources away from existing infection control strategies. 29 
Introduction 30 
Healthcare associated infections increase the risk of death and cause longer stays in hospital.1 31 
Colonisations and infections can occur when micro-organisms are transferred from the hands 32 
of healthcare workers to the environment and to patients. Hand hygiene is a key strategy for 33 
breaking the transmission cycle from healthcare workers, patients and the environment. The 34 
2014 Society for Healthcare Epidemiology of America (SHEA) guidelines called hand 35 
hygiene a, “fundamental strategy for the prevention of pathogen transmission in healthcare 36 
facilities”.2  37 
The success of hand hygiene programs depends on high rates of compliance amongst hospital 38 
staff. Studies of compliance have shown highly variable rates from below 50% 3,4 to close to 39 
90%.5 The Australian National Hand Hygiene Initiative (NHHI) aimed to improve hand 40 
hygiene compliance and monitor its effectiveness in reducing infections (www.hha.org.au). 41 
The initiative was based on the World Health Organization’s “Clean care is safer care” 42 
campaign 6,7. The NHHI aimed to achieve sustained improvements in hand hygiene 43 
compliance by using: ongoing education, regular hand hygiene compliance auditing using the 44 
five moments program 6, and standardised assessment of Staphylococcus aureus bloodstream 45 
(SAB) infection rates.8 The aim was for every hospital in Australia to adopt the initiative, and 46 
it is now mandatory as part of the National Safety and Quality Health Service Standards.  47 
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In a previous paper we examined the change in SAB rates after the introduction of the 48 
NHHI.9 The results were mostly positive, with a reduction in four out of six states and no 49 
change in two states. However, only examining SAB may be too narrow a view as the NHHI 50 
may have reduced other infections as well, and multiple outcomes should be used to evaluate 51 
infection prevention initiatives.10 Detrimental effects also need to be considered as it is 52 
possible that the focus of the NHHI on SAB may have reduced attention on the prevention of 53 
other infections or caused resources to be redirected from other programs. The latest SHEA 54 
practice recommendations include hand hygiene as a strategy for: Methicillin-Resistant 55 
Staphylococcus aureus, 2 Central Line–Associated Bloodstream Infections,11 surgical site 56 
infections,12 and Clostridium difficile.13 Including all the potential benefits is key for 57 
considering the overall economic costs and benefits of the NHHI.14,15  58 
We tested the effectiveness of the Australian National Hand Hygiene Initiative by examining 59 
whether it was associated with a reduction in six types of infection rates. We used an 60 
observational quasi-experimental design based on monthly infection rates. We obtained data 61 
from six of the eight states and territories, and present separate results for each state/territory 62 
due to differences between the states in pre-existing hand hygiene practices. 63 
Methods 64 
Our hypothesis was that the intervention changed the monthly rates of infections. We did not 65 
specify a direction for this change, so all hypotheses tests were two-sided. The analysis plan 66 
was developed a priori and no post-hoc tests were made.  67 
Data 68 
Data on healthcare associated infections (HAIs) are routinely collected by Australian 69 
hospitals and reported both to their state or territory health authority, and nationally for 70 
performance monitoring. The hospitals chosen were: the five largest public hospitals (by 71 
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number of acute beds) in New South Wales, Victoria, Queensland, Western Australia and 72 
South Australia; the three largest public hospitals in Tasmania; and the single main public 73 
hospital in the Northern Territory and Australian Capital Territory. This gave 30 hospitals. 74 
We then selected the next largest 20 public hospitals Australia-wide to give 50 hospitals in 75 
total. We requested all the available monthly data for the 50 hospitals.  76 
Infections were defined according to each state and territory.16 Although there are differences 77 
between states in how infections are defined this is not of concern for our analyses which 78 
focusses on with changes within a state.  79 
We analysed data by jurisdiction, as we knew that there were slight differences in data 80 
collection and definitions used.  Data was collected for surveillance purposes by infection 81 
control practitioners. 82 
We checked to ensure that the data had been collected in line with the respective 83 
jurisdictional definitions for healthcare associated infections. As such colonisations and 84 
screening specimens, and community associated infections were excluded.  85 
The data used here were provided to us by individual hospitals or via the state units who 86 
support HAI surveillance including validating infection numbers. We further verified the data 87 
quality and checked the infection definitions used. Sufficient data for all time periods were 88 
not available for the Northern Territory or Victoria.  89 
The roll out of the NHHI included education and auditor training. The roll out was 90 
implemented at different times across the country. As collection of auditing data formed the 91 
basis of the intervention, we used the first report of auditing data for each hospital to be the 92 
start of the intervention.  93 
The study was approved by the appropriate Human Research Ethics Committees in each state 94 
and territory, and the release of data was additionally approved through the research 95 
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governance processes appropriate to each hospital. The study was also approved by the 96 
Queensland University of Technology Human Research Ethics Committee. 97 
Study design 98 
We used a before-and-after quasi-experimental design 17 by comparing the infection rates 99 
after the intervention with those before. The complete details of the methods are in our 100 
previous paper which only examined SAB.9 101 
We ran the analyses separately for each infection type in each state/territory as the 102 
intervention was implemented on a state/territory basis, with overall co-ordination at both a 103 
state/territory and national level. There were also important differences between states in 104 
terms of average infection rates and pre-existing hand hygiene campaigns and infection 105 
prevention policies. Hence it was thought likely that the effect of the intervention would vary 106 
by state/territory.  107 
Statistical methods 108 
The regression model for the counts of infections in hospital i in month t was: 109 
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where M is the total number of hospitals and ni is the number of months observed in 111 
hospital i. A Poisson distribution is the most appropriate for modelling counts.18 112 
We examined the change in infection rates after the intervention by examining 12 possible 113 
changes over time, and example changes are shown in Figure 1. Models A and D adhere to 114 
the null hypothesis that the intervention had no impact on rates. Models K and L allow a 115 
potential delayed increase in rates once the intervention effect has worn off. We selected the 116 
best model for each state and infection type as that with the best fit to the data according to 117 
the Akaike Information Criteria.19 118 
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The offset in the equation, log(ni,t), divides the mean counts, μi,t, by the denominator. The 119 
denominator was 100 procedures for SSIs, 1000 line days for CLABSIs, and 10,000 bed days 120 
or in-patient days for all other infections. Including a denominator helped control for changes 121 
over time, such as long-term trends in increasing hospital use and seasonal changes in 122 
hospital admissions. 123 
We controlled for any seasonal patterns in infection rates using a categorical variable for 124 
month (δ). We used a random intercept in each hospital (αi) to control for differences in the 125 
average infection rates between hospitals. We were not interested in differences in infection 126 
rates between hospitals, but were instead interested in the within-hospital change due to the 127 
intervention, and the average within-hospital change per state. 128 
For the best model in each state we estimated the percentage change in infection rates after 129 
the intervention, together with 95% confidence intervals.  130 
All analyses were conducted in R (www.r-project.org) version 3.0.1. 131 
Results 132 
We obtained sufficient usable data for 38 of the 50 largest public hospitals in Australia in six 133 
states. For these hospitals we had 684 years of monthly infection rates across six infection 134 
types. The average number of months before the NNHI’s introduction was 39 per hospital, 135 
with an average post-intervention time of 30 months. Summary statistics on the available 136 
months of data and dates are in Table 1. 137 
The estimated infection rates before and after the NHHI are in Figure 2. Some large 138 
reductions in infections rates are clear, such as the reduction in BSI in Queensland, CLABSI 139 
in Western Australia, and MSSA in Tasmania. A lack of change is also evident for some 140 
combinations, such as MRSA in Western Australia, MSSA in the ACT, and SAB in 141 
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Tasmania. In two cases (CLABSI in NSW and MRSA in Queensland) an initial reduction in 142 
rates is followed by a later increase. 143 
The estimated changes in infection rates are in Table 2. There was no change in infections for 144 
9 out of the 23 comparisons made. Thirteen of the changes were statistically significant as the 145 
95% confidence intervals did not contain zero. The one not statistically significant change 146 
was SSI in South Australia. Most of the changes were an immediate or delayed reduction in 147 
rates. A noticeable exception to this pattern was South Australia where rates increased for 3 148 
of the 4 infection types studied. 149 
The change in rates needs to be interpreted in combination with the best fitting model. For 150 
example the reduction in SAB rates in the ACT of 0.38 is an immediate one-off decrease 151 
(Figure 2), whereas the reduction in SAB rates in NSW of 0.18 is a linear decrease per year, 152 
meaning that after two years the estimated reduction in rates is 0.36. 153 
The secondary increase in CLABSI rates in New South Wales is very large with a mean 154 
increase of 12.1. This is because the CLABSI rates were very low before the increase 155 
(Figure 2) and as we used a multiplicative Poisson model the change in rates appears large 156 
relative to this low baseline. 157 
Discussion 158 
The estimated impact of the NHHI was generally positive with a statistically significant 159 
reduction in infection rates for 11 out of 23 comparisons. In ongoing work we will examine 160 
whether these reductions are large enough to translate into a conclusion that the National 161 
Hand Hygiene Initiative was cost-effective. 162 
In four instances infection rates were already decreasing before the NHHI was introduced and 163 
the intervention failed to decrease rates further, for example, MRSA rates in ACT (Figure 2). 164 
These results indicate that existing programs were already working well and it may have been 165 
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wiser to implement the NHHI when these rates became flatter. We recommend plotting 166 
average infection rates over time before introducing any intervention aimed at reducing 167 
infection rates in order to avoid introducing potentially unnecessary interventions. However, 168 
it is possible that without the introduction of the National Hand Hygiene Initiative the change 169 
in rates may have worsened. The program may have been successful in maintaining a 170 
declining trajectory. We could have examined this if we had contemporary wards or hospitals 171 
that did not receive the intervention.  172 
The results from South Australia were quite different to the other states, as rates increased for 173 
3 of the 4 infection types studied although there was a decrease in SAB rates. It is possible 174 
that the shift of infection control resources to hand hygiene and SAB auditing disrupted 175 
existing infection control practices in South Australia. The rise in BSI infections (Figure 2) 176 
may be coincidental and a rise in BSI infections at this time was predominantly from non-177 
device sources which are not directly associated with hand hygiene.20 However, it is possible 178 
infection control resources at a hospital level were shifted away from other programs (such as 179 
surveillance, management of intravascular devices and environmental cleaning) to allow for 180 
increased hand hygiene auditing, resulting in the NHHI having unintended consequences. 181 
For two cases (CLABSI in NSW and MRSA in Queensland) an initial reduction in rates was 182 
followed by a later increase. This could be because the initial benefit of the training and 183 
attention of the NHHI had worn off, or because the very low rates for these two infections 184 
were followed by some regression to the mean.  185 
We stress that any negative associations shown here do not imply that hand hygiene is not 186 
worthwhile. Rather the negative associations imply that a national program to increase hand 187 
hygiene compliance was not always effective, and is likely dependent on a range of local and 188 
contextual factors. 189 
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Limitations 190 
Our results show an association between the introduction of the NHHI and subsequent 191 
changes in infection rates. We should be cautious about ascribing causation from our 192 
estimates, especially because the timing of the intervention was not randomised and there 193 
were no control hospitals that did not receive the NHHI which increases the risk of 194 
confounding due to other changes over time. 195 
Other changes to infection control practice and policy occurred in most of the hospitals 196 
during the study period. The timing of these changes varied between hospitals and through 197 
interviews with infection control staff we found no evidence of them occurring concurrently 198 
with the introduction of the hand hygiene intervention. Overall, we believe that such potential 199 
changes are unlikely to confound the observed associations between the NHHI and monthly 200 
infection rates, at least systematically so.  201 
The more proximal question of whether the intervention improved hand hygiene compliance 202 
rates is not part of this paper.21 This is because the next stage of our research is to estimate 203 
both the running costs and hence the cost-effectiveness of the intervention,15 and as the major 204 
costs are due to infections we need to know whether and by how much the intervention 205 
reduced infections.  206 
We examined a range of possible changes to infection rates due to the intervention (Figure 1) 207 
and in some cases there were multiple changes (e.g., MRSA in Queensland) which means the 208 
results cannot be summarised using a single number. Also reductions associated with the 209 
NHHI were sometimes immediate (e.g., SAB in ACT) and sometimes gradual (e.g., SAB in 210 
NSW). This makes it difficult to numerically compare the impact between states. Such 211 
comparisons would be possible using simple statistical models that assume that rates were 212 
flat prior to the intervention with a step or linear change post-intervention.22 However, these 213 
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models ignore the possibility that rates were already declining before the intervention began. 214 
For example, the MRSA data from Grayson et al 22 show a statistically significant reduction 215 
in MRSA clinical isolates per 100 patient days of –0.018 per month (95% CI –0.024 to –216 
0.011, p-value <0.001) associated with a hand hygiene culture-change program when using 217 
Model C (Figure 1) which assumes rates were flat before the intervention. However, re-218 
analysing the data using Model F, which allows a linear decrease in rates before the 219 
intervention, the mean reduction associated with the program is reduced to –0.007 and is not 220 
statistically significant (95% CI –0.019 to 0.006, p-value = 0.31). Model F also gives a better 221 
fit to the data. 222 
We examined all infection types independently rather than looking for a common overall 223 
effect on infections. It is likely that hand hygiene will impact on some infections more than 224 
others, as transmission pathways, and dynamics vary. Each of the infections listed is in some 225 
way potentially prevented through hand hygiene. However other infection control 226 
programmes will also have an effect.  For example transmission of Clostridium difficile is 227 
prevented by good environmental cleaning, and many surgical site infections can be 228 
prevented through appropriate antibiotic prophylaxis. In addition it is likely that focussing 229 
heavily on one infection control intervention, such as hand hygiene auditing, may come at an 230 
opportunity cost, when other activities end up with less resources.  231 
Overall, we have shown that the NHHI was successful in reducing infection rates in roughly 232 
half of the cases studied. The rates remained unchanged in nine cases and increased in three 233 
cases. These results are fundamental for informing the overall cost-effectiveness of the 234 
initiative. We should be cautious about ascribing causation to the associations found here 235 
given the quasi-experimental design and retrospective analysis plan. Ideally large initiatives 236 
such as this should prospectively plan studies based on the existing data and interventions, 237 
the current need, and the contextual factors likely to influence the success in each location.  238 
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Figure 1: The twelve models used to capture the mean change in infection rates after the 310 
intervention. The dashed horizontal line is the time of intervention and the dotted 311 
horizontal line is the time of the delayed change. The blue lines shown are examples of 312 
the potential association as slopes and timings will vary depending on the data. 313 
 314 
315 
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Figure 2: Estimated mean change in infection rates after the intervention in each 316 
state/territory. Results from the best fitting regression model in each state/territory.  317 
 318 
ACT = Australian Capital Territory, NSW = New South Wales, QLD = Queensland, SA = South Australia, Tas 319 
= Tasmania, WA = Western Australia 320 
 321 
322 
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Table 1: Numbers of hospitals, number of months and dates of available data by state and 323 
infection 324 
State Infection Hospitals Average 
months 
before NHHI 
Average 
months 
after NHHI 
Earliest 
date 
Latest 
date 
ACT MRSA 1 26 43 2007,Jan 2012,Sep 
ACT MSSA 1 26 43 2007,Jan 2012,Sep 
ACT SAB 1 26 43 2007,Jan 2012,Sep 
NSW CLABSI 3 14 33 2009,Jan 2012,Dec 
NSW MRSA 5 32 32 2005,Jan 2012,Dec 
NSW MSSA 3 14 29 2009,Jan 2012,Dec 
NSW SAB 15 13 35 2009,Jan 2012,Dec 
NSW SSI 2 58 36 2005,Jan 2012,Dec 
QLD BSI 9 65 25 2005,Jan 2012,Jun 
QLD MRSA 9 65 25 2005,Jan 2012,Jun 
QLD MSSA 9 65 25 2005,Jan 2012,Jun 
QLD SAB 9 65 25 2005,Jan 2012,Jun 
QLD SSI 8 62 24 2005,Jan 2012,Jun 
SA BSI 5 33 45 2006,Jul 2012,Dec 
SA MRSA 5 33 39 2006,Jul 2012,Jun 
SA SAB 5 33 39 2006,Jul 2012,Jun 
SA SSI 4 27 22 2005,Jul 2011,Jun 
Tas MRSA 3 8 37 2008,Jul 2012,Mar 
Tas MSSA 3 8 37 2008,Jul 2012,Mar 
Tas SAB 3 8 37 2008,Jul 2012,Mar 
WA CLABSI 2 30 25 2005,Jul 2011,Mar 
WA MRSA 5 45 23 2005,Jul 2011,Mar 
WA SAB 5 19 23 2007,Oct 2011,Mar 
WA SSI 3 44 24 2005,Jul 2011,Mar 
19 
 
Table 2: Changes in annual infection rates associated with the NHHI by infection type and state. Cells show the best model letter (see Figure 1) 325 
followed by the mean change in rates and 95% confidence interval. Some models (e.g., Model I) have two parameters and both are reported. 326 
Negative numbers mean a decrease in infection rates. An empty cell means no data were available.  327 
State BSI CLABSI MRSA MSSA SAB SSI 
ACT   No change No change B: –0.38 (–0.61 to –0.07)  
NSW  I: –0.62 (–0.65 to –0.34) 
12.1 (0.26 to 176) 
 C: –0.14 (–0.21 to –0.06)  C: –0.18 (–0.25 to –0.11) J: –0.60 (–0.87 to –0.14) 
Qld C: –0.35 (–0.52 to –0.17)  L: –0.18 (–0.22 to –0.11) 
0.96 (0.08 to 4.14) 
No change B: –0.16 (–0.25 to –0.06) No change 
SA L: 0.88 (0.09 to 1.83) 
–1.24 (–1.62 to –0.77) 
 E: 0.58 (0.14 to 1.16)  C: –0.09 (–0.17 to –0.02) K: 0.86 (–0.15 to 2.92) 
0.75 (–0.08 to 2.22)  
Tas   No change G: –0.54 (–0.91 to –0.10) No change  
WA  J: –2.18 (–2.50 to –1.47) No change  No change No change 
 328 
